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Abstract 
In this contribution, a novel approach is presented to measure simultaneously gas concentration and flow speed of binary gas 
mixtures. This multi parameter detection is achieved by a thermal flow sensor using two different time independent excitation 
modes. Gas concentration is obtained by power mode; afterwards flow speed is measured by temperature excitation. The 
combination of these two principles improves the accuracy and sensitivity. One possible application of this measurement 
technique might be in biogas plant in order to control the fermentation process and calculate the gas’ fuel value. 
 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of EUROSENSORS 2015. 
Keywords: Thermal sensor; flow speed; thermal conductivty, gas concentration 
1. Introduction 
Research in micro machined thermal flow sensor takes place since several decades [1]. Therefore it is not 
surprising that thermal flow sensors are established in the market and used in many different applications, e.g. 
process control or medicine. The main advantages of thermal flow sensors are the excellent long-term stability and 
the low power consumption [2]. Based on their measurement principle, thermal flow sensors can be divided in three 
types: Anemometers, calorimeters and time-of-flight sensors [3]. These sensors are not only sensitive to the flow 
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rate, but also to the media, where the sensor is applied in, independent of the measuring principle. Thus, a 
calibration to the specific gas is required. Consequently, a wrong flow measurement is taken, if gas type or 
concentration is changing. So far, thermal flow sensors cannot be used in applications, where gas concentration and 
flow speed are changing simultaneously. Knowing flow rate and type of fluid, e.g. in the pipe, will offer new 
applications and open new markets for thermal sensors. 
In this context, a measuring method to detect gas concentration and flow speed of a binary gas mixture is 
presented using two different time independent excitation modes of the heating element – power and temperature.  
2. Sensor 
The sensor design is based on a calorimetric flow sensor, including a membrane area. A detailed view of the 
sensor’s membrane area is presented in Figure 1. A heating element, placed in the centre of the membrane, features 
as joule heating element. On each side, of the heater a temperature sensor is placed in a distance of 192μm.  The 
temperature sensors are designed as resistance temperature detectors (RTDs). Heater and temperature sensors are 
made of platinum. Platinum has the great advantage to heat up an element and simultaneously measure its 
temperature. Further, platinum offers excellent long-term stability. Thus, different excitation modes can be applied. 
The elements are embedded in a polymer membrane (thickness: 10μm). Foturan – a photosensitive glass – is used as 
substrate material.  
 
 Fig. 1. Detailed view of membrane area and cross section including flow channel. 
3. Simulation  
3.1. Model 
The theoretical investigation of the sensor’s behaviour is carried out using the Finite Element Method in 
COMSOL Multiphysics. The model is made three-dimensional and is operated in stationary domain. One boundary 
condition of the model is set symmetrical to reduce the complexity of the simulation model. The model combines 
the incompressible Navier-Stokes and the Heat equation in the flow channel in order to respect density changes in 
the fluid. The channel has a quadratic cross section of 1mm2. The average flow speed is varied between 10-4 to 
1.5m/s. No slip condition is chosen at the channel walls. The sensor is modelled according to the sensor design 
presented in the previous section. The RTDs are designed as area elements using the highly conductive layer feature. 
The cavity underneath the membrane is filled with the same gas as is in the channel. However, the gas is stagnant. 
The heating element is excited in constant power mode (12mW). The temperature of the downstream element 
represents the average value. 
3.2. Results and discussion 
Figure 2 (a) shows the temperature of the downstream element for various gases. The analysed gases are either 
mono- or polyatomic, so they differ in nearly all thermal properties. A temperature plateau is obtained in which the 
temperature varies less than 1% related to the maximum value, although there is still a large change in flow rate. 
Therefore, this range can be seen as flow independent. The curve progression is based on the sensor design, using 
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the heat transfer in all dimensions; especially the heat transfer by conduction perpendicular to the flow direction [4]. 
The temperature of the plateau is increasing by a decrease in thermal conductivity and is not affected from the other 
thermal gas parameters. This observation is determined by virtually changing density and specific heat capacity and 
not thermal conductivity. As shown in Figure 2 (a) (graph N2_1.5ρ and N2_1.5cp compared to N2), the obtained 
temperatures at the downstream element are nearly identical. Thus, it is possible to measure thermal conductivity 
under varying flow conditions (0.2-0.75m/s). The maximum temperature of the flow independent region related to 
thermal conductivity is shown in Figure 2 (b). The relationship between the plateau’s temperature and the gas 
thermal conductivity can be fitted with an exponential function. Gas concentration is obtained according to the 
theoretical progress of thermal conductivity and gas concentration [5]. The gas components of the binary gas 
mixture have to be known in advance and need to differ in thermal conductivity. 
      
Fig. 2. (a) Temperature of downstream element as function of flow speed for various gases – simulation and measurement results; (b) 
Relationship between temperature maximum of flow independent region and thermal conductivity. Investigated gases differ in all thermal 
properties and molecule structure. 
4. Experiments 
4.1. Measurement setup  
The measuring setup consists of two Mass Flow Controllers (MFC). With these MFCs the norm volume flow is 
varied between 0 and 200sccm.  Due to this setup, binary gas mixtures and pure gases can be generated. Mixtures 
are evaluated having different components and different concentrations (mixtures of carbon dioxide-methane, 
carbon dioxide-nitrogen, nitrogen-neon and argon-neon). The flow channel is placed after a mixing section for the 
gases. The bottom side of the channel is a printed circuit board (PCB) including a cavity. Therein, the sensor is 
placed. On top of the PCB a flow channel is glued. The channel has a cross section of 2mm2 and a length of 
40.8mm. Due to the measurement setup, it is guaranteed that the cavity is filled with the same gas as the flow 
channel, as it was modelled in the simulation. The excitation and acquisition is done by a multifunctional data 
acquisition module (NI-USB6225). A controller implemented in LabVIEW sets the excitation mode of the heating 
element. Either power or temperature mode is chosen. In temperature mode, the temperature difference between the 
two temperature sensors is a function of flow speed. The purpose of switching the excitation mode is to determine 
the flow speed with an increased sensitivity. A dependence related to the thermal gas parameters is expected in 
temperature mode, however this influence might be compensated for binary mixtures. The temperature difference 
between heater and ambient is adjusted to 75K. The current through the up- and downstream RTD is set to 0.1mA. 
With the measured voltage, the corresponding resistance is obtained. Afterwards, the temperature difference to 
ambient is calculated.  
4.2. Results and discussion 
The flow independent region, as predicted by simulation results, is confirmed by experiments, as shown in 
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Figure 2 (dashed lines). The measured data are slightly higher as the simulation values. This deviation can be caused 
by simplifications in the simulation model. The temperature difference as function of flow speed is shown in 
Figure 3 (a) using temperature mode. The continuously rising signal is affected from both parameters, flow rate and 
gas type. Thus, flow speed can be obtained in this mode, by knowing the gas composition. The sensitivity in flow 
rate is increased between 25 and 55% by using the temperature mode compared to power mode. Figure 3 (b) depicts 
the temperature difference versus thermal conductivity at a norm volume flow of 75sccm for investigated gases and 
binary mixtures. Gas mixtures of mono- (Ar-Ne) or polyatomic (CO2-CH4) nature are each on one plateau. Nitrogen, 
having a diatomic molecule structure, is in between these two plateaus. Mixtures, where the gas concentration and 
the molecule nature are changing simultaneously, vary from one plateau to the other (CO2-N2 and N2-Ne). Thus, in 
temperature excitation mode, the sensitivity towards flow rate depends not only on thermal conductivity but also on 
volumetric heat capacity (ρ cp). However, this influence can be easily compensated. Gases and mixtures with an 
increasing value in volumetric heat capacity have the ability to store more internal energy during a temperature 
change. Gases with a rising value in thermal conductivity show a higher heat transfer in the fluid. These two 
properties seem to affect the sensitivity towards flow sensitivity. An analytical investigation presented by Reyes et. 
al. achieves comparable results in terms of sensitivity in power mode [6].   
      
Fig. 3. Experimental results: (a) Temperature difference between up- and downstream element vs. norm volume flow (only pure gases are 
shown); (b) Relationship between temperature difference and thermal conductivity for all investigated gases at a norm volume flow of 75sccm. 
5. Conclusion 
Time independent excitation modes can be used to achieve the measurement of gas concentration and flow speed in 
a binary gas mixture. In power mode, gas concentration is measured due to thermal conductivity. Therefore, the 
components of the mixture have to be known. The highest sensitivity is achieved, if the difference in thermal 
conductivity is maximized (CO2-Ne). Further, the output signal is independent of the volumetric heat capacity. Flow 
speed is obtained in temperature mode. In this mode, the flow sensitivity depends on volumetric heat capacity and 
thermal conductivity. These values are known, due to the analysis of the mixture in power mode. The presented 
technique is an alternative to an oscillatory excitation of the heating element [6], if flow rate is between 0.2-0.75m/s. 
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